
f:EPARl'MENl' OF HEALm, EDUCATICN, AND WELFARE 
ruBLIC HFALTH SERVICE 

NATlCNAL INSTI'1'tTI'£S OF HFALTH 

RECCIo!BlNANT OOA MOLOCULE PRCGRAM ADVISORY CCMotITl'EE 

MINUT&S OF MEET:nl; 

JANUARY 15-16, 1977 

'nle Recanbinant [IUl. Molecule Program Advisory COIIIllittee was convened for 
its seventh meeting at 9 a.m. on January 15, 1977 in the Courier-Emissary 
Room, Tower 1, Sheraton-Four AJti)assadors Hotel, Miami, Florida. Dr. DeWitt 
Stetten, Jr., (Chairman) Deputy Director for SCience, am Dr. Leon Jacobs, 
(Vice Chairman) Associate Director for Collaborative Research, NIH, presided. 
In accordance with Public Law 92-463 the meeting was open to the public. 

Committee members present were: 

Drs. Edward A. Adelberg~ Roy Curtiss. III: James E. Darnell, Jr.; Peter Day; 
Donald Helinski: David S. Bogness: Elizabeth M. Kutten John W. Littlefield: 
Emnette S. Redford: Wallace P. Rowe; Jane K. Setlow; John Spizizen; Waclaw 
Szybalski; Lelt>y Walters; and William J. Gartland, Jr., Executive Secretary. 

A Committee roster is attached. (Attachment I) 

The following ad hoc consultant to the Committee was present: 

Dr. Susan Gottesman, National Cancer lnsti tute, NIB. 

ttle following liaison representatives were present: 

Dr. John F. Fulkerson, U.S. Deparbnent of Agriculture 
Dr. Hermal Lewis, National Science FoundatiQrl 

Other National Institutes of Health staff present were: 

Dr. Emnett Barkley, ocr; Dr. Peter- Con:Uiff, Fogarty International Center; 
Dr. Daphne Kamely, NIGMS: Dr. John N.1tter, NIAID: Dr. Bernard Talbot, 00; 
am Dr. Rudolf Wanner, DRS. 



others in attendance for all or part of the meeting were: 

Dr. Frederick Blattner, University of Wisconsin: n .... Harvey Faber, 
University of Wisconsin; Dr. Robert M. Faust, U.S. Department of Agri-
culture; Dr. Rae Goodell, Massachusetts Inst.itutE~ of Technology; 
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Dr. James McCullough, Congressional Research Servlces, Library of Congress; 
Dr. Lois Miller, University of Idaho; Dr. N.K. Notani, B.A.R.C., India~ 
Dr. Winston Salser, University of California, Los Angeles; Dr. V. Sgaramella, 
World Health Organization: Dr. Oliver Smithies, University of Wisconsin: 
Dr. John Tooze, European Molecular Biology Organization, Germany: 
Dr. Charles Weiner, Massachusetts Institute of Technology: am Dr. W. J. 
Whelan, University of Miami. 

I. call to Order and ~r.!l~~uctory Remark~ 

Dr. Stetten called the meeting to order at 9 a.m. He sunrnarized the 
status of the deliberations of the Interagency Committee on Recombinant 
OOA Research which is to make recoomeooations on procedures for regulation 
of the production aoo use of recanbinant rNA rolecules both for the 
Federal and private sectors. This ccmnittee already has reached the 
conclusion that existing regulations are not entin~ly appropriate. 

II. Minutes of·Sep~r 1976 Meeting 

The Committee unanimously voted to accept the Minutes of the September 13-14, 
1976, meeting as written with the following amendments: 

. Page 9, 2nd. paragraph, 3rd sentence and 3rd paragraph, 4th sentence -
"There was one abstention" is changed to read "Dr., Curtiss abstained." 

Page 10, 2nd canplete paragraph, 6th sentenc!? -. The word "encouraged" 
in this sentence is changed to "required. 

III. Contracts for Sa~~~f!.oS!t-Vector ~tems 

Dr. John Nutter Slmltlarized the current status of contract pro:jrams of the 
National Institute of Allergy and Infectious Diseases (NIAID) for the proouc-
tion and testing of safer host-vector systems for t11e conduct of recanbinant 
rNA experiments. The first contract awards were made in April, 1976. 
Currently, there are five contracts for the construction of EK2 systems. 
There have been two meetings of the contractors. A.s recoownended by the 
Coomittee, the Research Resources Branch, NIAID wil1 distribute certified EK2 
systems. 
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Dr. Nutter stated that EK2 systems produced under the contract program will 
be tested for raising to the EK3 level of biological containment. This 
involves independent confirmation of the genotypic and phenotypic properties 
of the systems, and environmental testing. Dr. Nutter raised the issue of how 
EK2 systems constructed independently of the contract program 'WOuld be tested 
for EK3 properties. He also pointed out that standards for EK3 testing need 
to be ~opted. Dr. Melberg pointed out that there are differences in EK2 
systems, am that only the best of the EK2 systems should be tested for EK3 
properties. The Committee unanimously passed a motion that separate sub-
committees should be established for phage and plasmid host-vector systems. 
These subcanni ttees would review data and make reccmnemations to the full 
carmittee on EK2 systems, and would advise on which EK2 systems should be 
tested for EK3 properties without regard to whether the EK2 systems were 
constructed urder the contract program. Not all EK2 systems should be tested 
for .EK3 properties. The Canoi ttee recoomended that the two subcammi ttees 
sl'xluld keep in close contact with one another. Dr. Stet ten stated his assl1l1p-
tion that, if an EK2 system fails to meet EK3 criteria, it will revert to EKl 
status. 

IV • Provision of P4 Physical Contaimnent 

There was a lengthy discussion on the provision of P4 physical containment. 
At the September, 1976 meeting the Committee recommended that a national P4 
facility should be established. The National Institute of Allergy and 
Infectious Diseases was designated as the lead NIB component for establishment 
and operation of such a facility. This facility would serve a number of 
functions, including use by visiting investigators, conduct of risk assessment 
experiments, training in the use of P3 and P4 containment procedures and 
facilities, and possibly as the site of a manmalian clone bank. Dr. Nutter 
discussed alternative proposals for P4 containment, such as use of a fleet 
of mobile lalx>ratories or an array of regional laboratories. He explained 
that on the basis of six selection criteria a decision was reached to establish 
a single national facility at the Frederick Cancer Research Center (F'ClC). 
At the Septemer, 1976 meeting, Buildil'¥] 567 at FCRC had been described to 

. the Conmittee. Since that tine more appropriate facilities at FCRC have 

. been indentified (Buildings 467-469). The latter facilities will be able 
to accommodate 4 to 6 investigators and will permit complete separation 
of the P3 and P4 laboratories. It will take two years to make these buildings 
operational. ('!!lis also is the revised time-frame for making operational 
the previously discussed Building 567.) An NIH working group has recommended 
that for the interim period P4 containment be provided by utilization cf 
Building 550 at FCRC, a mobile high containment laboratory and the renovation 
of two small P4 roodules on the NIH campus in Bethesda. 

Dr. Rogness stated that the 10,000 square feet for P4 am 6,000 square feet 
of P3 laboratory space in the new proposal is probably not required, and 
that regional facilities make rore sense. It was pointed out that rmlltiple 
facilities require multiple teams of trained staff which greatly increases 



4 

the cost. In response to a question, Dr. Nutter stated that of 58 investigators 
who r.esponded to an inquiry, 11 said that they need P4 containment now and 12 
said that they will need it in the future. Drs. Darnell anj Szybalski stated 
that P4 containment dS described in the Guidelines should be required only 
for the handling of organisms known to be. highly pathogenic, and that P4 for 
recombinant CNA exPeriments should be redefined as a P3 laboratory with 
special containment equit;ment such as Class III glove-boxes. Or. Barkley 
stated that if the hazards of the experiments of high potential risk materialize 
and awroach those of highly pathogenic organisms it would be a mistake to 
change the definition of P4. Dr. Curtiss stated that, even if the containment 
levels for certain classes of experiments change in the future, P4 containment 
always will be required for certain classes of experiments. Dr. Redford pointed 
out that a decision alrea.::)y has been made that certain classes of experiments 
require P4 containment and that a P4 facility should be established. He said 
that the discussion should center on the best way of providing P4 containment. 
Dr. Kutter stated tha_t there are advantages in a single national facility 
with a well-trained staff. 

Dr. Barkley stated that physical contairunent standards developed over past 
decades have been used for the recaobinant mA containment levels, and that 
it would be a mistake to alter the definitions of physical containment in the 
absence of biohazard assessment data. A biohazard· assessment program can not 
be carried out without P4 facilities. He said that the Comnittee ought to 
reconmend both the establishment of a P4 facility and a biohazard assessment 
program. Dr. Barkley discussed possibilities for providing P4 containment 
in Building 41 on thP NIH campus. Same P4 containment could be made available 
in 6-9 months, as an interim measure. Dr. Rowe agreed that P4 contairnnent will 
be needed for the interim period for risk assessment studies. It was also 
pointed out that there will be other needs for a P4 facility in the future, 
such as the study of infectious disease agents ,perhaps using recombinant 
mA technology. 

The Carmittee voted on a motion to reaffirm its recorrrnendation that as 
expeditiously as possible a national facility should be established with P4 
and P3 laboratories to provide space for visiting scientists. and to be 
utilized for training and risk assessment studies aB well as for basic research. 
Ten members voted in favor of the motion, 4 voted against it. 

The Carmittee unanimusly voted on a motion that it is the sense of the 
COnmittee that there is a serious need for risk assessment studies and that 
the Director, NIH should do everything in his p:>wer s to provide facili ties 
and personnel to facilitate the onset of these studiE:~s. 



v. Biological Containment 

A. ~~r~<?! WOrk~E9 Gro~ on Safer Host-Phage Vecto~~tems 

1. Standardized Tests for EK2 Certification 

5 

Dr. Szybalski presented a report on the December 13, 1976 meeting of the 
phage l\brking Group (Atta::'!'ment II). He reported that as its first item 
of business the Working Group had revised and corrected its SeptE!!'liJer 12, 
1976, report. The revised report is attached (Attacbnent III). 
Dr. Szybalski pointed out the changes arx1 stated that parts I and II of 
AttacluDent III should be published as a separate doc\Dellt in NARSM as an 
operational guide for sutmission of data on proposed EK2 host:-Phage systems. 
'lbe Camtittee unaninDusly voted to accept the SeptentJer 1976 report as 
modified and corrected. 

2. Suitability of DP50 ~ DP50~ as Hosts for A EK2 Vectors 

Dr. Szybalski discussed the "rking Group's replrt on the suitability of 
DPSO and DPSOsupF as hosts for A EK2 vectors (See II of Attachment II). 
Dr. Curtiss stated that previously there had been little data to substan-

.----- tiate the properties of DPSO. Be said that the data now is available, 
and that Drs. Blattner ani finithies had responded in a satisfactory fashion 
to all his objections. 

3. Review of Data on AgtWES.>'B 

Dr. Szybalski slJlllDarized the Working Group' s review of additional data en 
the >.gtWES.>.B system of Leder et al. (See III of Attachment II). It is the 
unaniIll:ms opinion of the ltbrking Group that >.gtw!'S. AS together wi th propag~ 
tion host stain DP50~ be certified as an EK2 host-vector system. The 
Camtittee voted 13 to 0 to accept the WOrking Group's recatllleOOation. 
Dr. Curtiss abstained fran the vote. 

4. Review of Data on the Cllaron Syst-"t-.._ 

'!he Working Group's review of the Charon phage Sjstcaz of Blattner et al 
was s~ized by Or. Szybalski (see IV of Attcda!lit II). The WOrking-Group 
recaliueuded that Charon vectors JA, 4A, am 3l6A (also known as 16A), together 
with propagation hosts :aPSO and DP50~, should be certified as EK2 systems. 
'!he Ccmnittee voted 12 to 0 to accept this recallllE!!l1dation. Drs. Curtiss am 
Redford· abstained. 

The Working Group recall'Oended that Charon vectors 31SA, 413A am 414A can not 
be certified for use in EK2 systems at this ti1le because of the lack of certain 
data. 'nle Ccmnittee unanirrDusly passed a motion to defer consideration of 
these vectors Lmtil additional data is sul::mitted to it throl.ligh the M>rkil1g' 
Group. 
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5. ~view_g_~_pata on Agt vir Jam 27~i~:I) 1~-:>J3 ~ 

Dr. Gottesman described the phage Aqt: ~~;- .;!~ 27 Z9!." 718-A8' constructed by 
Sharp am Donoghue r and sunmarized the WOrking Group's review of the phage 
(See V of Attachment II). The Working Group recoornended that, subject to 
receipt of specified additional data, the phage vector should be certified 
as an EK2 vector without a requirement tor using a partially disacmed host 
for propagation. It also recarmended that the phage should be propagated 
only in closed containers. The additional data were received and distributed 
pr ior to the meeting. 'l11e Coomi ttee unaniJOOusl y voted to recannend that 
A~ vir J~ 27 ~~ 718- AS' should be certified as an EK2 vector for use 
in conjuction with E. coli K-12 hosts which do not carry known lambdoid 
prophages or conjugative plastnids, and with the stipulation that the phage 
is to be propagated in closed containers. 

6. ~~f!~i~~r_ation of ~~.AC 

At its April 1976 meeting, the Catmittee reviewed data on an EK2 phage 
system based on the AWES.AC vector of Leder et a1.. At that time the 
Carmittee voted to accept AWES.AC as a vector-in-EK2 systems with certain 
general restrictions on hosts"which can be used. This was certified as 
an EK2 system by the Nm on the basis of this rec::oameooation. Concerns 
subsequently were e~essed that the Committee should consider requiring 
that this and certain other vectors to be used only in conjunction with 
specific "safer hosts.·' '!he Working Group reviewed )..WESJC in light of 
this reconmerrlation and made the following recOOllllendatlons regarding the 
use of A~.AC (See VI of Attachment II): 

"The overwhelming majority of clones already derived from AWES .AC 
should be identical to those derived from ;,WES.AB and should be 
treated in the same way. Therefore, regardless of any decision 

. about the future use of A~.AC, we recoomend: 

1. DP50suEF ShOl;ld be sent to all recipient.s of AWES oAC, so that 
clones formed in \WES.AC as with AWES .. ; B 'will be propagated 
in DP50suE~' -_. _. 

2. That individual clones derived fran AWES. ,Ie be checked to confirm 
the absence of the AC fragment. 

3. As soon as A WES.AB aoo the other vectors reconmended in this 
report are ce-itified, they should also be sent to all recipients 
of A WES . .A. C." 

'Ihese reccmnendations were discussed by the Corrmittee. It was pointed 
out that AWES), C was the first EK2 system to be considered and that it 
had not been reviewed by a WOrking Group prior to consideration by the 
full Ccmnittee. Since that time the criteria for EK2 systems based on 
phage vectors have changed as a result of the deliberations of the phage . -
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Working Group. The Coomittee voted 14 to 0 to accept the three recoomenda-
tions of the WOrking Group with the following added stipulations: 

IlRecarmemation mnnber 2 is modified to reoo: 'that all clones derived 
fran J..WES.J..C be checked to confirm the absence of the )'C fragment.' 

AWES.l.e should be decertifiea as an EK2 system for new cloning as soon 
as AWES.AB has been certified. II 

B. Qons~deration o~ Safer Bost-Plasmid Systems Based on x177~ _~9, 
@R3l3 am @R322. 

Dr. Herbert Boyer of the University of California, San Francisco, am 
Dr. Stanley Falkow of the University of Washirgton sutmitted data on 
profX)sed EK2 host-vector systems based on E. coli 1-12 strain x1776 and 
plasmids pMB9, pBR3l3 and pBR322. The data were reviewed by an ad hoc 
sutxxmnittee caaposed of Drs. Adelberg, Kutter, SeUow, Spizizen--ancJ-
Szybalski. Dr. Adelberg sllllMI'ized the subcallllittee's findings. 

Dr. Curtiss presented data fran his own laboratory on the transmissibility 
of peg out of X 1776. Dr. Curtiss' data irrlicated that the ~ cloniIYj 
vector is transferred out of x1776 at frequencies 1 to 3 logs lower than 
the transmission of !:OClOl frem X 1776 am 4 to 5 logs lower than the 
transmission df pCRl fran x1776. '!he latter already are certified EK2 
host-vector systems. Dr. Curtiss concluded that pm9 in conjunction with 
x 1776 meets the requirements for an EK2 host-vector system. and provides an 
additional margin of safety over the already approved EK2 systems because of 
its lOWer frequency of transmission. Dr. Kutter presented data on pBR313 
and .pBR322 which she had received from Dr. Falkow. . 

'!be caJII'Iittee recaraended by a vote of 13 to 0 that x1776 (pHB9) should be 
certified as an El2 host-vector system. Dr. Curtiss, whose laboratory was 
involved in the construction of x 1776, was absent fran the roan during the 
final discussion and vote. 

The Committee voted on a motion that x1776 (pBR3l3) and x1776 (pBR322) 
should be recCllllleooed for EK2 certification on the basis of doctmentation 
to be received in writing fran Dr. Falkow, canpared with the data presented 
at this meeting and reviewed by the plasnid subcarmittee. Ten I1'IeTbers voted 
in favor of the motion; two voted against and Drs. Curtiss and Szybalski 
abstained. [A Safer Host-Plasmid Working Group which was convened and 
met in March 1977 reca&Deuded that consideration of the systems x 1776 
(pBR3l3) am x1776 (pBR322) aoould be postpmed pending the receipt of 
cD;iitional data fran Drs. Boyer and Falkow concerning mobilization and 
transmission of these plasmids. '!be Calmittee will be asked to review these 
systems when the additional data beccne available. 1 
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C. Procedures for Certification 

'!here was discussion of procedures for certification of EK2 systems. One 
view was that the standing subcommittees should have authority to recommend 
directly to the NIH the certification of all EK2 systems. Another view was 
that this procedure should be used only in the case of subnissions which 
involve minor modifications of already approved EK2 systems. A third point 
of view was that· the full Camtittee must see all the data. 

'!he COOIIIittee voted on a motion that the sulx:OItIT1i ttees be enpowered to 
recoomend certification in those cases in which only minor IOOdifications 
have been made in already certified EK2 systems, that the subnissions be 
sent simultaneously to the full camtittee which may raise objections, and 
that one negative vote of a Conmi ttee meri:ler would require formal 
consideration by the full Cannittee. '!here were '7 members in favor of the 
motion, 4 opposed and 3 abstentions. 

VI. Biohazard Risk 'Assessment 

A. WOrk~p 

Dr. Rowe discussed the workshop which is being planned to evaluate the 
postulated hazards of recaminant ttlA experimentation. The workshop 
will deal with areas such as the ecology of E. coli, genetic recanbination, 
the biology of plasmids and the pathogenicity of-bacteria. Dr. Rowe said 
that the workshop would have a number of workinq groups which would consider 
the following areas: 

- experiments to evaluate the biology of E., coli carrying non-viral 
eukaryotic sequences -- .... ---

- the biology of ~.' coli carrying eukaryotic viral sequences 

- the biology of inserted sequences (factors affecting translation, 
etc. ) 

- the .!E ~ivQ biolOC:lY of ~. coli K-12 and its plasmids 

- design of experiments to assess the postulated hazards 

- consideration of evolutionary arguments (is eukaryotic DNA 
spontaneously tak.en up by prokaryotes?, etc.) 

Dr. Rowe said that the workshop could make a number of potential contribu-
tions, including generation of a source book of data. Dr. Darnell stated 
that there already is a body of information about E. coli K-12, and that 
a group should be convened to prepare a docl.lnent to bdng together the 
available data. He proposed that there should be a separate meeting of 
enteric biologists and gastroenterologists to consider the biology of 
~. col~. 'l1le question was raised as to whether representatives of 
institutional biohazards committees should be invited to the workshop, 
or whether they should have a separate meeting in parallel. 



B. .Polyoma Risk Assessment Experimen:t 

The current status of the planning for the polyoma risk assessment 
experiment of Drs. Rowe and Martin was sunmarized by Dr. Rowe. He 
said that, although they will proceed as far as they can with EK2 
host-vector systems, a bile salts resistant organism will be needed 
in order to colonize mice. 'Ulerefore, awroval to proceed with the 
experiments at the P4-EKl level will be needed. The Ccmnittee voted 
on a resolution to recoomend that the experiments proposed by Dr. Rowe 
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be permitted, recognizing that they are not in accord· wi th the Guidelines 
and that the Committee has authority to waive the Guidelines. There 
were 10 votes for the motion, 1 against and 3 abstentions. 

VII • ~yiew of ~ire(L Containment Levels 

The Committee reviewed a number of requests for clarification of containment 
levels required by the Guidelines. The Conmittee recOlTmended that cloning 
the chorion genes of the silkrooth Antheraea ~lyphemus can be carried out 
un:'Jer P2-EKl conditions provided that the rNA is recovered under aseptic 
conditions. 'nle basis for this recarmendation is that, although the stocks 
have not been grown in the laboratory for ten generations, the organism is 
not suspected of being an agricultural pest or disease carrier. It was 
pointed out that it would require as many as ten years to generate canpletely 
inbred stocks at this time. 

VIII. ~est~_for ~uction in Contairnnent on the Basis o_~~~~t:-~r izat~_~_!} 
of Clones 

'nle Conmi ttee by a vote of 14 to 0 approved a request of Dr. Thomas Maniatis 
of the Cold Sprin:] Harbor Laboratory to lower containment for a rabbit beta-
globin clone on the basis that the clone is rigorously characterized, free 
of harmful genes and the biological properties of the vector have been main-
tained. 

A munber of requests subnitted in a petition fran Dr. Winston Salser of the 
University of California, Los Angeles were reviewed. The Ccmnittee voted 
13 to 0 to approve the requests with certain stipulations. Dr. Redford 
abstained. 

The Coomittee discussed a request fran Dr. Douglas Brutlag of Stanford 
University School of Medicine to reduce containment levels for bacterial 
plasmids containing Droso~ila satellite DNA fram P2-EKI to PI-ERI. Some 
members of the Committee felt that exceptions to the Guidelines can not 
be approved, arrl that the required contairnnent for these experiments is 
P2-EKI. other members felt that special consideration should be permissible 
in reasonable situations. It was pointed out that the satellite CNA consists 
of a simple well-defined sequence and that the potential risk of these 
experiments is low. '!tie Coomittee voted on a motion to deny the request 
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to reduce containment to Pl-EKI on the basis that these levels are 
below those required by the Guidelines. Seven ffiprnl:;.er.s voted in favor 
of the motion, 5 voted c3gainst and Drs. Hogness and Redford abstained. 

A request from Dr, Rch'':rt Crouch of the National ,:ll,titutes of Health to 
lower containment. levr::l:3 for a characterized clone c)f chicken ribosomal 
DNA was reviewed. The Cormlittee voted 13 to 0 to 'lpprove the request on 
the basis that the clone is rigorously characterized ~ free of harmful genes 
and the biological properties of the vector have. been maintained. Or. 
Redford abstained. 

The Committee considered a petition by Dr. Frederick Blattner of the 
University of Wisconsin to propagate certain charac;terized rouse globin 
clones under £13 conditions using phage vector Charon )A which was recommended 
for EK2 certification at this meeting. The Corrmi ttE!e voted 9 to 0 to approve 
the request. Three m~>mbers abstained because thev had not had adequate 
opportunity to study the request. 

Dr. Adelberq reviewed the history of a "cd tique" 0 I' E. coli strain xl776 
which had ~n prepared by the Boston Area RecombLnant DNA-Group in June 
1976. The Director, NIH had requested a point by point response to this 
document by the ad hoc host-plasmid working group prior to his certification 
of xl776(pSCI01)-ana-,:1776(pCRl) as EK2 host-vector systems. Dr. Melberg, 
who was chairman of the working group, summarized h~s response and the 
resp:msp-s C)f D~::;. Davi', Falkow, Spizizen and Stock(:r to Dr. Fredrickson. 
Although th""y aare~1 t::dt:. xl776(pSClOl) arrl Xl776 (pCRl } meet the current 
criteria for EK2 host-'lector systems, there were :=.;uogestions to improve the 
definition of EK2, suc.~\ as requiring dependence ot the plasmid on a specific 
host. Dr. Szybalski suggested that gradations of Cf:2 could be defined which 
would bf' assigned diffprent levels of physical containment. The latter 
could be reduced for improved EK2 systems. This would provide incentive for 
the developnent of improved EK2 systems. However, !30me members felt that 
such a system would make the Guidelines too complicated. The opinion was 
exorpssed that the hos"-Dlasmid working group miqht h~ able to accomplish 
tnese ':Joa1 s wi thout : f" ~ :c;i :'YJ the ~l1idel ines. 'I'h~'r("~ ':IS also sentiment that 
this 2roposal is premature, and that further subdi vi ::.ion of contairunent 
levels is not desirable at this time. The proposed plasmid working group 
will take these issuE'S under consideration. Dr s. l\.el(=, lberg, Setlow and 
Spizizen will reDP~sent the full Committee on this I"H)rking group. 
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B. Proposed Revision of Biolggical Containment Cri.t.~..r~a 

Dr. Adelberg discussed preliminary proposals fOl revision of the sections 
of ~ Guidelines (nt-4 to III-16) dealing with biological containment 
criteria and procedures for testing aI~ certification of EK2 and EK3 systems. 
'Ibe O:mnittee comnented on the proposals and referred the document to the 
host-plasmid working group which will make recommendations to the subcommittee 
which will be appointed to propose revisions of the Guidelines for considera-
tion at the next meeting. During this discussion the question was raised 
as to whether propose:i .EK2 systems should require sane animal testing. 
sane menbers of the Coomittee felt that this proposal is aqainst the original 
spirit of EK2. '!his matter will be considered futther by the host-plasnid 
working group. The COfII1\ittee passed a motion by a vote of a to 5 to request 
the National. Institute of Allergy am Infectious Diseases to explore rnechanisns 
for providing EK2 rodent testing, when such tests are required. 

X. C01lIlI.i t tee Procedures 

The Committee unanimously passed a motion proposed by Dr. Redford that adequate 
--------. f-'lblic notice and hearing be provided before adoption of changes in the Guide-

lines. Dr. Redford also prop:>sed that Conmittee meetings should be announced 
more widely. . 

The Committee voted 12 to 0 on a motion to add a fifth responsibility to the 
Ccmnittee' 5 functions as listed on page IV-6 of the Guidelines, as follows: 

,. am (v) recannerrling to the Director, NIH the approval of exceptions 
to the Guidelines when such exceptions are, in their opinion, justified 
by new information or new considerations." 

XI. Containment Level~ for ~riments Involvi~ Nuclear Polyhedrosis Viruses 

Dr. Lois Miller of the University of Idaho made a presentation to the Conmittee 
on nuclear polyhedrosis viruses (NP'J). She stated that, although the viruses 
are approved by the Environmental Protection Agency (EPA) for catmercial 
dissemination in the environment as biological insecticides, the NIH Guidelines 
would require P4-EK2 or P3-EK3 corditions for generation of recombinants in 
~. coli K-12. She sUltlnarized the safety tests required for EPA registration. 
described the virus structure and cited information which could be expected 
to be gained from her proposed experiments. She then described the experi-
ments, and proposed levelS of containment for the conduct of these experiments. 
Dr. !?owe expressed concern that much of the information being presented is not 
published. and that sane of the data are out of date. Dr. Day stated that 
insect viruses are similar to plant viruses, and that perhaps they sb:>uld not 
have been incltX:1ed under animal viruses in the Guidelines. Dr. Rogness stated 
that basically a variance is being requested for experiments with EPA approved 
viruses. 
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The caunittee separately considered the proposed E~x.pe(iments and requested 
contairunent levels. In each case 13 members votE~ in favor of the motion 
and one member abstained: 

- Recanbination of NPV DNA with E.coli host--vectors should be 
permitted under P2-EK2 containiilenE conditions. 

- Recanbination of different registered NPVs wtth the intent 
of prcrlucing hybrid virus should be permit b;:~d urxler P2 con-
ditions. 

- The use of NP\T DNA as a vector for recombinant OOA in plant 
insects should be permitted urXier P2 conditions. 

['Itl.ese recatmendations have been construed to const" Lute a change in the 
Guidelines and must -be approved by the Director, ~i11L ! 

Dr. Rowe said that inclusion of insect host-vector r::ystems will be considered 
in revision of the Guidelines. 

XII. Definition of RecOlftlinant ~ 

'!he Conmittee briefly considered the need to clarity the meaning of the phrase 
"different segments of J:!'lA" in the definition of [!:'C:ombinant DNA in the 
Guidelines. The CV1'IIllittee by a vote of 13 to 0 pa~)sed a motion that exped-
ments involving the cutting and religating of pur Hied viral DNA are not 
subject to the Glidelines. The COOIIIittee by a vote of 13 to 0 passed another 
motion that the cutting and religating of a hol'oogeneous DNA preparation is 
not subject to the Guidelines. 

'!he definition of "recOOlbinant rNA" will be considprr.' by the subcomnittee 
to be appointed to revise the Guidelines. 

Dr. Helinski presented a report on gene exchange between distally related 
prokaryotes (Attachment IV). It has been pointed out that there appears 
to be a discrepancy between the P2-EKl containment ~J2'lels required for 
the cloning of mA from lower eukaryotic organisms ard the P3-EKl or 
P2-EK2 levels required for cloning DNA from prokaryotJ~!3 that do not 
exchange genetic information with E. coli. Or. Helim;ki said that these 
levels were selected on an assessment -ot-the probabil.i_ ty of expression 
of the genes in ~. col~. He said that evidence is acc~_mlliating that 
a large barrier to gene exchange among prokaryotes does not exist. 
Dr. Rogness said consideration should be given to lowering the containment 
levels for non-pathogenic prokaryotes that do not exchange genetic 
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information with E. coli to P2-EKl. Dr. Rowe stated that P2-EKl 
probably is not hIgh enough containment because prokaryotic genes are 
likely to be expressed in E. coli. Dr. Curtiss said that he could not 
agree or disagree wi th the-arguments because more data are needed, and 
that information should be solicited from experts in microbial ecology, 
plant pathology, etc. on the extent of gene exchange in nature. The 
Committee voted 7 to 2 with 2 abstentions to consider at its next 
meeting reducing the containment levels for cloning DNA from all non-
pathogenic prokaryotes (whether or not they exchange genetic information) 
into E. coli to P2-'EKl. 

The Committee was told that there is evidence from 4 laboratories that 
there is exchange of genetic information fram E. coli to B. subtilis 
and vice versa. Therefore, it would appear appropriate to treat B. 
subtilis as a prokaryote that exchanges genetic information with E. 
coli. The Committee by a vote of 11 to 1 passed a motion that the 
cloning of B. subtilis rNA in E. coli should be allowed urder P2-EKI 
conditions on the basis of preliminary information that B. subtilis 
exchanges genetic information with E. coli. On accumulation of further 
data these experiments will fit intO the category of "exchangers." 

XIV. Consideratio!!. o!. COrre~erx:e 

The Conmittee considered a number of items of correspondence referred to 
it by the executive ~retary. A number of b~ese letters were referred 
to the subcormtittee for revision of the Guidelines. 

xv • Subcorrmi t tee on Revision of the Guidelines 

The Chairman al=PQinted a subcarm.ittee coposed of Drs. Littlefield (chairman), 
Barkley, Gottesman, Helinski, Ibie, and Walters to propose revisions of the 
Guidelines for consideration at the next meeting. 

XVI • Next Meeting Dclte~ 

The Committee selected the dates of May 14-15, 1977 and August 29-30, 1977 
for the next two meetings. 
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The meeting was adjourned at 5 p.m., January [I: 1977. 

Respectfu 11',; uhni tted ~ 

w~\,,\,(j-~ 
William J. G~tland, Jr., Ph.D. 
Executive Secretary 

~. 

I hereby cert.i.fy that, to the best of 
of my knowledge, the foregoi03 M.inutes 
and attachments are accurate and complete. 

"t~ --~ ~.'"-.. J~_-!30r 
-4,.- DeWi tt SteTfel~1 ~ J=-r-.-,--:-:M~.-::::D-. -, -=P=h-.-=o. 

Chairman, Recombinant DNA Molecule 
Program Mvisory Coomittee 

National Inst:i. tutes of Health 
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REPmn TO THE RECOHBltlArn ADVISORY COM~nTTCE 
fROM THE HORKING Cr:OUP O~ SAFER HuSTS AND VECTO~S: 

lAHBDA PHAGE SYSTEI1S 

ATTACHMENT II 

The meeting of Decer:1ber 13, 1976, was convened at 9 A.M. in Conference 
Room No. 114 of 8u; lding 1, rJ.I.H. 

Opening remarks were made by Drs. D. Stetten and \.J. Gartland. 

Items On the Agenda \"ere as follows: 

I. Consideration of the September 12, 1976 report of the working group 
on safer hosts and vectors. 

II. Discussion of suitability of DP50 as a host 1n EK2 systems. 

III. Consideration of the ).gtHES·).B vector-host system of Leder !:.!.!!.. 
IV. Consideration of the Charon vector-host systems of B1at'tner et ~. 

V. Consideration of the i.gtZJvir·lB' system of Donaghue and Sharp. 

VI. Recons i derati on of the ).gtWES· J.C system of Leder ~~. 

VII. Other business. 

The meeting was chaired by Dr. W. Szybalski with exception of item IV 
chaired by Dr. A. Campbell. The other Wor~ing Group members were Drs. D. 
Botstein, S. Gottesr:1an and A. Skalka. 

I. Consideration of September 12, 1976 Report 

Corrections ~fere made .on the report of the last meeting and the corrected 
version is attached. 

II. Discussion of suitability of DPSO and DP50suoF as hosts for l EK2 vectors. 

The subject \~as introduced by Dr. Susan Gottesman and the fol1m'l1n9 
comments represent the unanimous opinion of the ~orking Group: 

It \-Ias first suggested during the June~ 1976 r.:eeting of the \~orking 
Croup on Safer Host~Phag~ Systems that genes cloned in l~mbda vectors could 
be more effectively contained by using a partially disarmed host for the 
propagation of these vectors. Th1s concept was supported by the Working 
Group \vhich r.-tet on September 12, 1976. Use of partially disarrced hosts for 
propagation would d~crease the survival of any plasmld~ or prophage-carrying 
host. 

A DP50 host ( r1953, Isolated by Pereira and Curtiss) has been proposed 
by B1 attner et a 1. (or use \'Ii tn thei r Charon vectors as an appropri ately di s-
armed host. wit~supporting relevant data. Drs. Curtiss and Pereira have 
submitted additionaJ data on the strain and 'ts behavior In rat feeding 
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Concern No.4: Use of <l recA host for tri1nsfcctlon ili1C propil;;Jtion. 

Response: This suggestion should ccrt~inly be taken Inte account in the 
future construction of somd disabled hosts, but we see no reason to require a 
rccAr;;utation in all such hosts. Tests have been done \·/i·th tha proposed 
V'CCtors in rcc+ hosts in the pr-:!scncc of 1 iMitccl homology.between ph<lge and 
host. and thefrequencies of stable <lssoci;;Jtion fell \'Jithin the lir.lits required 
for certification of these EV...2 syster.1S. Furthermore, SOme of the safety 
features in the currently proposed vectors prevent growth in recA- hosts. 

Responses to the concernS raised in the tlovembcr 9.1976 letter of Curtiss 
and Pereira, follcws: 

Concern tlo. 1: Superiority of sueF derivative of DPSO. 

Response: The high phage yields obtained by growth In DP50 suggest that 
suppression of the amber mutations is not severely limiting for.grm-lth. The 
supF derivative could be recorr~nded as a preferred (but not required) host 
for the EKl systems. 

Concern No.2: Necessity for a disarmed suppressor-free host. 

~ Response: Such a host could be useful in testing lambda vectors after' 
cloning. Hm·/bver. since a testing host ~·Iould be used for a sin;~e plaque 
assay of Some appropriate dilution of the lysate containing clo~~s, and would 
not be used for large-scale propagation; ~ strain such as I. ~ C (suggested 
by Smi th ies !!.~.) is adequate. 

SW111.D.RY 

We agree witb Drs. Curtiss and Pereira's basic point, that one should 
have data on the particular strain to be used in an EK2 systcn. ~uch of the 
necessary data is conta i n;,rd in Supp,l er.ent IV of Smi th i es et ttl. Many of the 
COmOoents on the complexity of the daD lacus,'although interestir.g, are not 
necessarily. germane. For evaluatiC;;-of a vectorr.ost; \'/e need only to know 
what surviv~1 to expect of th~ strain under relevant conditions; we need not 
understand the reasons for the survival. There are a number of sug~estions 
in the Curtiss-Pereira letter for improvements which might be made in the 
disamed host. Since clones will be stored in phClga lystes. it is a trivial 
matter to substitute an improved host whenever one becomes available. There-
fore. 'rle can confidently recorr.r.-.end the approval of strains \'Jhich clearly neet 
our requirements. without in any way barring the introduction of future 
imp rover.:en ts. 

We are cognizant of the tir.e and effort which have been spent in r;",eeting 
the somewhat fluid requests of the Working Group on phage EK2 systems. It is 
our feeling that the result of nuch discussion ~nd many hours of work has 
been the construction of phage EK2 systems which clearly r.eet both the letter 
and the spirit of the NIH Guidelines. 
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In the cvalui.ltio:l of rc::;cuc of l7Iarkcrs to th~ left. u::;c of the p~age 
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\';ithth.:! v..:;-ztor, cC;:ititu~cs a More strir:gent t~st than specified. nnd use of 
the AIJJ.Jtt30b~ti.ir:-210Pi,QSG20 (i.hSOimn21 or ir.'::,:2ISisner) phag~. ~'rhic;h contains 
imperfect hor.~oloS1' in'the ~-!\ n::gio;-[see Fic1ndt ~~. ItTh.:!: Bactcrio;:>hag~ 
lambda". 1971, Fi g. 1. p. 334). a less strinr,cnt test thJn speci fied, The 
ph<lge ::;p~cificd by th~ Working Group, \·rhich Blattner et al. rightly point out 
does not presently cxi·st, \-Iould be expected to give aV.:llUe inter:"'ediate 
beb/een the t\-IO and thus Hithin the I imit set by the Woddng Group. 

The values of 4 to 6xlO-5 for re~cue of markers to the right of the 
IIcloned fragr::ent" are lower than the specified 10-4 for total rcar:'1ing. This 
result alone is. therefore. adequate to satfsfy the criterion of safety as 
stipulated in the test. 

(2) Charon 316A 

C2(a). "Persistent association in a non-per::1isslvc heteroir::mune lysosen •.• ". 
(See Table 1 of "Additio~al Data ... by Blattner, \1i11iams and Kiefer" received 
by the \:ork i"9 G~Ol,;p on Decc~ber 13. 1976). 

This value of S.4xlO-5 is 10\4er than the 10-4 requeste(!. 

C2(b). "Marker rescue experirr.ents". (See Table 11 of IIAdditional 
Data ••• 11 received by the !"/orking Group on December 13. 1976.) 

Results for this test (1.2x10-~ for recovery of markers to the right) 
are not significantly different from the 10-4 required for total rearr.ing as 
stated in the test and, therefore. just pass for certification. 

RECOMMENDATION: 

Chanon 3A, 4A and 316A 
, 

At Its previous meeting on September 12. 1976. the Working Group reco~enced 
that vectors Charon 3A. 4A and )16A together with t suitable host for propasation, 
be certified subject to receipt and approval of data specified. Data for the 
host (see II of this report) and for vectors Charon )At 4A and 316A have been 
received and approved and it is the unanimous opinion of the Working Group 
that these three vector phages, together \.,rith the DPSO and DP50supF propilgating 
hosts should' be certified as EKl vector phage systems. . -----

Cha ron 3ISA. 413A and 414A 
! -' 

Addlt10nal data requested on September 12. 1976 for ve~tor Charon 413A and 414A 
were not received. 

Chanon 315A cannot be certified at this time because no tests have b~cn 
done with an appropriate "model recombinant". Charon 316A coes not serve as a 
"model recombinant" for 315A becJuse It just barely pnsed the test (see 
C2(b) above). The fact that there Is rore homolo~ bet'-"cen the cloned se~r.~ent 
and the i~;ty ~arker in 315A as co~ared to 31GA s.;gests that 315A right 
fall. The \:orking Group sug;~sts that the' uncertainty coul\J b.e resot-/ed by 
construction and testing of In appropriate model re~lnant or by direct 
__ •• ant of the frequency of tot.,l r •• ,.ima. 
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v. Co n s i (~,' r'.' tic' n (): t:· I~ ,)[) ') 1 i c " t i r} '1 by r. 1\. ~,' ' , ,,',d D. J. [)onoqhue for 
~:\2 vee:'.,I!, 

This applic<ltion \Ias considered by the '!orkil1~~ (r'OUp co~pletcty \"iti"lin 
the context of the l'sttlndardizec" 1.Joor.1tory t~st~; outlined in the September 
12, 1976 report. Th,· rain point of c12parture fc- ~'~is vp.ctor candid<!te, as 
compared \Iith those previously considered, is thilt: ~'~is vector ph<lge must b~ 

propag.:Jted by raking p1.Jtc lysa'·es. ThC!rdor~" ":i'~"'"l~ire series of tests 
were adapteJ to the ,1~:,C of this r.'edium. The re:ild', "ho' ..... thBt this phage. 
meets the required level in all tests perforr.cd <'I:':: I'lith ordinary L:lboratory 
strains of~. coli K·-12. One test (C2(a)) I "sun'i'ial of fragrent-transferring 
capacity in a non-permissive host" \-laS perfor\,'.c~d ill:'~~rrectly in that a he.tcroir.-.mU:lc 
lysogen ~'laS not lIsed. This probably resulted frol:1 ar:1biguity in the original 
wording cl3scribing o~r test. which has been clarified at this meeting (see 
Item I). P,esl!lts with a E,;0rmissive hetcroir.murlc lr.oJen (see Table 2, l<:1st 
line, on p. 10 of the Application) suggest that the vector might pass the 
requi red tes t. 

RECOMI1EtIDP.Trou: 

It is the unanir.oLls opinio;'l of the \Iorking c,rcL:; that, subject to receipt 
of additional data for iten C2(,,), this vector p~,.'{~~ should h certified as 
an EK2 vector without. requirer--ent for a partiaI1'! G"oBrNed host for propagatior, 
The additional data 1:1]Y be appr-,'/2.d by one of US U~. 'J.), such approval to be --' 
transmitted to Dr. ~:. C;~lrtlan(L The Working Cre,,: ~<'Js:nizes t~e fact that 
prop<lgation of phiJO:"~ n Petri d;si~es c()nstit~\Jte~ ;, ',".,",i~le safety hazard. 
This problcn is c2sij, circum'/=-:cG by the L!SC 0' ,:,,<.,enpriate fL;sks. He 
rec:or;;mend that this ~;ll(\~llG be. s",cified \'ill€n th~~, ','t,:"O"- is distribu::cd. 

VI. Recons1der<'ltion elf the J.qt"~·5·?C systE'.i7I of t.{':~,·'r· ('t a1. .. - .. "----,~ .. -" 
),HE5·;.8, \'Jhich t~le llorkins Gro'JP reco~:T1end'; r-J' certification, .,.Ias 

derivedfror.1 ;".,[(S·;.C ["I ~;i-~~le in vitro su~stitl,:;:.r ;.I- th'! inert "},8" frag"'ent 
for the ").C'I frus;c:cnt. The! out~ '7"lon-i ng': iJrrr.~; C . i (~ n;IA of these phac;es 
are identical and 1'1'.,,):, .. ; I-ecor;lo:nants" der"ived j','c:: e

, :~,(-:': \'/Quld be expected to 
perfon'll identically:" 00r st"n-;drdized t('sts. ,",'.1, the "(" fr<lgi::cnt 
\-,hi ch is prescnt i fl un ;'r.Jct i ona :.:u ;'IJ~S· lC DNp, (en L.:· i II', phage gen~s ~.,,;, i ch 
prorr'ote ccneriJ1 recc:dJination (-d) and pro?nage h~"'-Oit ion (att .:lnd int). 
neither ~f \'Ihich shauLl be inco ~;~-=r.:ltc.d into rccc~.ll~-,"',r,t C\00~ grm-lnon ordir,ary 
laborZltory hosts. It . .',-,,; <JiJiJrc-;,,::ion of this fdC :: ,:t prccoted certuin 
res t I" jet i Oil son t h" l;"' ~ () f )In!:: S .:.::: ;-, Sl il [ K2 V p C ~ '. he t ir.-e \" hen j t VJa s 
certified. These rec>t",,:tions >!lcludeJ d stipuldl. lhat t~,e outer arms 
must be "purified" w',:<1/ from tr~ ).c fr;:;9i7ien~ lefl,rl' r'!I:'/ could be used for in 
vitro rccombinatro;1 (';":'·rjr~'snt.'), Thus, use of t~!i, ,'f tor required ~-Ihat h'e-
'tlou\d consider biochr:.";1\cal anu ·.;"'sicz:.l j.)rccedur;·", 1 ' ,'Cllcve "(K2-\eve\" 
biotogic<ll conti1in-;::;-ri~--;:::'lthou~t;thi-s-is consiste;lt "ith the notion Intro-
duced in the IICui del i nt'S" that 'J5C of Dl~J\~ v,Ih i ch a re en ri ched (9n) and free 
of "h<"lrr;;fu\ gentes" r.~Cly be decr(' .. ~scd one step in eitr-::f physical or biolog;c<ll 
containment, the Workir:g Group is uncertain whether ,'v.1luJtion of systems 
which involve such r()~~in;1tion<; elf biologicijt with :;i,ical or biochemical 
contal nr.;.~nt f;) l' s \"~lti"~'r;;-th~';pon5 i b i 1 it 1 es of tit; . . hr~ ing Group. 
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It is our understanding th~t our r~sponsibility IS to cvalu~tc the 
efficacy of genetic features intrinsic to the host-phage systems ~nd indep~nd~nt 
of other operations. In this strict d~finition of biological cont~in~ent, 
for ccrt i fi cat i on of EK2 vectors, \-IC h~Vd not cons i dercd the use of othe r 
procedures such as the bioc~emical and physical steps ~cntion~d Jbove or 
ch~mical treatment, such uS in the use of chloroform, which increases the 
containr.:ent by a factor of 108 or higher. The difficulty that \":e perceive 
with ).\fES·;'C. as compared \"lith ;.\.fES·J.8 derived clones t is the possibility of 
formation of a sl':1all proportion Tin vitro recombinants carrying the i,C 
fragr.lent as \'Iell as the cloned segr.;en't as a result of the possible Poi cpn~ 
tamination of the preparation of outer arms. We have no data on the pro-
portion of such recombinants in a typical experiment or their behavior in 
our EK2 tests (developed subsequent to the certification of )'\~ES·;.C). On the 
othe r hand t ~"e can see some con vern j ence and potent i a J 5 a Fe ty adVan t age: to 
J.WES·;,C over WES-S in that ).\~ES·AC can be grown (before cl'onlng) by induction 
of=liysogens. thereby reducing~y possible selective advantage for revertants. 
These considerations in the absence of data led to disagreement \"!lthin the 
WOrking Group on whether l~ES·AC should be recommended for recertification or 
decertification. HO\\'ever.-rt Is our consensus, in anticipation of tre avail-
abi I i ty of nu~erous vectors vvhi ch do pass all the standard EK2 tests, that the 
use of lWES·lC for the formation of new clones should be discouraged. 

The oven/helming majority of clones already derived from ).\~ES·,'.C should 
be identical to those derived from l~ES·lB and should be treated in the s~ne 
way. Therefore, regardless of any decision about the future use of l\i~S·lC, 
we recorrT.1end: 

1. DP50supF should be sent to all recipients of AWES·IC. so that clones 
formed in i.\.J~S·i.C as Hith i.HES·).B ~'Ii 11 be propagated onlyin DP50sL!pF. 

2. That individual clones derived from lWES·lC be checked to confirm 
the absence of the lC fragment. 

3. As soon· as '.\!ES·i.B and the other vectors reco!"!".Mended in this report 
arc "certified. they should also be sent to all recipients of J.~·;"C. 

VII. Other Business. 

(1) The members of this \forking 
to continue to serve as 'advisors'. 
scheduled for the beginning of 1977. 
meetings would include: 

Group ... /ere asked if they \vou:d be .. ;ill ing 
All agreed and another ~eeting will be 

Items to be discussed in upco~ing 

(a) Discussion of IIProposal for a policy on modifications generally 
regarded as safe (GRAS) II by Blattner ~~. 

(b) Ordering of priorities for product1"on and distribution of EK2 
vectors for Dr. Nutter. 

(c) Consideration of possible tests for phage vectors carrying 
fore i gn DUA. 



,-' 
(d) Consider;l["lNI of applicability of any l' vivo tests [or E!~2 ccrti[ic.1.tIon 

of phage vectors. 

(e) Advice reGarding EK3 tests. 

(f) 110\.,1 can tk!re be a closer working rcl,H:'lr)'ihtr between the 
phage and pl'::s!1lid worUn9 g"oups? 

Respectfully submitted, 

Wacla ...... Szybcilski, Chairman 
Alln Ska! ka. Serrc:.:ary 
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ATTACHMENT III 

FRO: 1 'raE l~JRi<I!~G G?J:]P 0:1 SAFER H'JSTS Aim VEC'I'OR..S: 
LN-IDDA PU:.G8 SYSEI\:.s 

i: 

The meeting of September 12, 1976, was convened at 12 noc~ in 

Conference RO(Y.Il 9, Euilding 31C of the NIH. Items on .the Agend", were 
-. 

as fo11C'.-:5: 

I. Design of U s tcmdarc1izro" labora.tory t~sts for EK2 certification. 

II. 11o::Hfications in the definition of £1<2 pha3e vector5. 

III. Consideration of blO applicati.ons for EK2 certificatic:l of }. 

phage vectors. 

IV. Oth~r business. 

I. Stan~~ruized L~boratory Tests for EK2 Certification. 

Based, in part, on the \'lritten suggestions of vario'.ls me:rbers of tJ:e 

Working Group, four criteria were proposed to embody ~;e essential req~ire-
I , , 

ments for certification. These criteria \'lere apprO';ed unani;r.ously by the 

Working Group to be reco~ended for adoption by the Advisory Cc~ittec in 

certification of ~ lK2 vector syst~rr.s. 

A. Yield of Vector Ph.Jge 

The yield of vector 9haJe (+ or - a Jr.ooel clon'?d fra¥€'nt) pro?2;;at':'d 

under l~boratory conditions ~hould be no less than lOlO/ml of ~ ~-~ _ uncor.c=-r.~'!"<:!. ... ~ 

crude lysate. 

I 
I I Y As revised and corrected by the Working Group on December 13, 1976. 

,c. 
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a persistent uSS.oci2tion with the permissive_host used for its eropagation 

and that this cO::1?lcx will then survive for 24 hours outside the laboratory 

shoula be less then-10-S. This probabil i ty i E; calculated as the prcduct of 

(1) and (2) u2low. 

(1) NUIDef of fragment-containin<] surviving bacteria per 

output fragrr:ent-containing pt.ltlge in the lysate. 

(2) Survival of bacteria after ~:4 hours under non-permissive 

test condi bons as determinr.:,d ina separate experiment 

carri8d out in the absence of phage. 

Coornents on: 

(1) This fraction should be measured tK}th ~:..t the time of lysis and 

at·24 hours after lysis with the culture maintCilned under optimal growing 

conditions. The deno;ninator in both s:ases h; the titer of phage at the 

time of lysis. The t1lJrnber of fragment-conta:.n.ing bacteria should be 

measured in an Op~Ir;:x li1te marmer with justi f i,lt ion by reconstitution 

experiments. 'fh ... t('~>t at 24 hours is intenckd to rcpr('sent a worst possible 

case, which shoulci not normally ar ise. The n~quirement for a 24-hour test 

aWlies only to the'tost used for propagation < hut: not necessarily to the 

host used in proc(.,-,ju: C:-:.i at the scale of ind i \1: Ii J.)J ?laques« 

As an exatn?le t such a test might measure the number of qal+ bacteria 

formed after infection of permissive host bacteria (lacking the gal base 

sequence homolOJY with the cloned fragment) with a phage vector containing 



a ~!.+ (mc.del cloned DNA) fragment. Demonstration that authent ic galt 

colonies could be detected at. the frequency measured in the test would 

constitute appropriate justification. 

(2) The Working GrOtlp ooes not wish to specify at this time non-

permissive conditions that must be met in this test for all cases. 

The two tests suggested in current applications: "survival in raw 

3 

sewage" and "survival in tap water," though useful, refer to surv ivaI in 

nature and are therefore more appropriately considered in the context of 

EK3 certifications. 

For the present, the safety factor characteristic of any particular 

host can be considered independently for each application. An example 

of the application of this principle is the host for a current A EK2 

candidat~, which in case of culture overgrowth for 24 hours may reach 

a level of persistent association of about IO~6 associations per 
, ~ 

fragment-containing vector. Thus, production of fragments with these 

vectors should be limited to hosts offering a factor of safety of at 

least 10-2 • A minimal test for any proposed partially disabled host, 

however, will include a measure of the reversion frequencies for each of 

the relevant mutations. 

Although killing by chloroform decreases the probability of survival 

of any.clone-containing bacteria by many orders of magnitude, this factor 



1 

is not included in calculating the dC'lrec of biol09ical containment 

measured in this test. 

c. The fr~ency of survival o!_fragment-transferring capacity 

of a vector phage carrying a mooel fE~~~~Elt should be less tha.l1 10-8 

in the tests s~cified below. 

It is understood that this value (35 in B) should represent the 

product of the following probabilities: 

(1) The probability that the pha(le will survive until it meets 

a sensitiye host. 

(2} The probability that (a) the fragment will persist in a . 

non-permissive A -sensitive heteroim'llune lysogen or (b) that the 

fragment-containing vector phage wi110~:~T:!.ire genetic m,ater ial from 

a related prophage that will serve to negate the safety features of 
J 

the vector. 

Carments: 

4 

Data available for wild-type ), SUt~qest that (1) is less than 10-3 . 

'l'heoretically then, the value for (2) must be 10-5 or less. Nevertheless, 

the Horking Group considers it essential that there be sc:ne eX?erimental 

estimation of the "worst possible case." We can very conservatively 

estimate that the worst possible case (specified beloiv) will actually .... .-.....~Jf 

in less than one of ten (10- 1 ) A-sensitive strains encountered in nature. 



i 
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This brings the required value for test {2} to 10-4 • ~Je therefore 

recommend that the following "worst-case" tests be included and shO',.,: 

(a) The number of fragment-containing bacteria per adsorbed input 

fragment-containing phage should be less than 10-4 and 

(b) The number of fragment-containing rearmed (wild-type) phage 

per adsorbed input fragment-containin0 phage Should be less than 10-4 • 

Values of less than 10- 3 tor each of two genetic safety features one 

located to the left of the cloned fragment and the other to the right( 

are also acceptable. 

It is understoexI that the host in this '-.Torst possible case should be 

a non-permissive lysogen bearing a heteroimmune prophage which has base-

sequence homology with the input phage and a compatible late gene regulatory 

system. 

D. The product of reversion frequencies of "disarming" mutations 

should be less than 10 -8 • . 
Comnent: 

This test should be done in a non-permissive, non-lysogenic bacteria. 

Separate detennination of the reversion frequencies of individual mutations 

should be made wherever possible and the product of these should be less 

than 10-8• Restriction-modification barriers should.not be included in 

this test. 
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II. Nodificaticm: }n t.'1e definition of f)~?.I:~le vectors. 

The \'lod:inJ GroLlp recorm:encls specifically that: Lysogens of any EK2 

vector carrying a -::loned fragment formed .0? :~:i!.r..2 should be considered as 

EKI sys tGl1S • 

III. Two applicltions were considered. Although it was recognized that 

the data provicbj were accumulc:.ted before the specific tests outlined 

in I were availo:,lo, they were discussed Zl'1C; :L .... alyzed in the context of 

these nC'", parameters. 

Blattner et al. f\.DoliccJtion 
.~ •... ----

Re: Vectors Cba~·o:1 3A and 4,\ 

(a) With r ('spec:' to tl' '.' ?hogcs thc;n:~r:l 'J«, 1 data were presented or 

provided which cO:JLl reason~,;ly be consic(~[ cd ~ 0 meet the tests speC if ied 

in I, with one excc;>tion reJ:-:ting to Item C(2)b, Le., rearming of the 

fragment-containicYl vector by acqui.3i1;.ion of qenetic mater ial from the 

prophage of a no"··-pormissivp lysogen. Since':; this case two types of 

·'disarmar,lent" arc (>~n?loyed (',-,Iith tbe loss of ,i t:h~r rendering the vector 

"unsafe") each r'iu~t be inder·"nd";-:tly tested a.n:: e,Kh must pass the .!lo-3 

safety level. 

-

S£2cific~l~Y aftN inf:"":ion of the ~:. i?' '1,1: :, 1 iJ.<,:(.!::-·j,~Ah80att80lT~21QS~30) 

host the numb-'2r of ~+ -containing ail1ber+ ph,r::I'~ per input lac+ Charon phagE' 

should be less than lW 3 • The assays should be performed after the time of-' 

lysis norm3.11y ob:;;erved for'~lc-tl'Pe A and without addition of chloroform. 
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(b) With respect to Item B(2) it is the estimation of the \~orking 

Group that the host, OPSO, provides a safety factor equivalent to at least 

10.4 when used for propagation of the vector which carries a cloned frag-

ment. Thus, the requirement stipulated in Item B, even in conditions of 

overgrowth (test B(l) after 24 h~urs) where a safety factor of 10-6 

was obtained, are satisfied when this host is 'used for propagation. 

Re: Vectors Charon 316A, 414A 

Data for tests analogous to Item C are not available. 

Re: Vectors Charon 3l5A, 4l3A 

Data for test analogous to Items B(l) and C are not available. 

RecCXI'llTlendation 

The Working Group recontnends: (1) That Charon 3A and 4A be certified 

subject to receipt and approval of data specified for test of Item C(2}b, 
, , 

as outlined above. This approval lTI'ay be obtained by ballot of the sub-

committee through the mail; (2) That Charon 316A and 414A be certified 

subject to receipt and approval of data specified in Item C, with approval 

by ballot through the mail; (3) That Charon 31SA and 413A not be certified 

at this time because of insufficient data. 

Leder et al. Application 

Re: Vector ~WES.AB 
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Data were presented \·;b ich .wer.:~· 1:'ui:~Ldered to meet the cr iter ia out-

lined for tests 'A and D. Indicat ive data for tests Band C lwve been 

presented but corrrplete data for tests B(l) and C are required. 

Speciflc~lly for B(l): After infection of the permissive host by 

the model ga.l+ vector phJ.ge, the prcc!uct (l) x (2) should be less than L 

where: 

(1) - number of gal + bacter ia per output gal + phage. 

{2} = surviving fraction of host after 24 hours. 

A DP50supF host derived from that used by Blattner et al. may be 

assigned the same lO-4 safety factor aHa-dance in B(2) as DPSO itseli 

No safety f.Jetor for large-scale phaqc propagation is assigned to the 

803-8 strain they describe. 

The data sul:rnitted for the 803-8 ;;train justify its use in trans-

fection exreriments leading to the fcrmation of single plaque clones. 

o 
The host: ~)hould be a suo 9i:!.J'. an: 1 ysogenic for the h0teroirrrnune 

la.mtx::loid phage with buse sequences dE:'! . 1/>'1 from A. 

o 0 

Infect Lon should be made at 30 C .elt:d at 37 C. 

o 
The host should be a sup lamtx:loicl lysogen. 
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The number of !f~+ gal + phage per input gal-vector should be less 

than 10-3• 

9 

The nrnnber of gal+ §.+ phage per input 9al-vector should be less than 

10-3 • 

Recomendation 

'l'he Working Group recormnends that ).WES.AB be approved for certification 

subject to receipt and approval of data specified above for tests B, C(2)a 

and C(2)b. This approval may be by mail ballot by the subcamnittee. 



ATTACHMENT IV 

GENE EXCHANGE BE~~EN DISTALLY RELATED PROKARYOTES 

D. Helinski 

One of the major classificatlons of the so-called "eubacteria" is the division 
of these bacteria into a Gram-positive and a Gram-negative group on the basis 
of the reaction of a bacterial species to the Gram stain. The separation of 
bacteria into Gram-positive and Gram-negative groups has a structural basis. 
The cell wall of gram-positive bacteria consists of a relatively thick layer 
of covalently-bonded polyssacharide and polypeptide material (the so-called 
peptidoglycan layer) that provides structural rigidity to the cell. The 
Gram-negative bacteria as a group, however, have a much thinner peptidoglycan 
layer and, in addition. possess a relatively thick outer membrane layer that 
is rich in phospholipid and lipoprotein material. 

The transfer of genes between bacteria occurs by transduction (bacterial 
virus-mediated gene transfer), transformation (uptake of ''bare lt DNA by a 
bacterial cell) and conjugation (plasmid-mediated transfer of genes between 
bacteria that requires cell to cell contact). A reasonable generalization is 
that virtually all closely related species of bacteria can exchange genes by 
transduction (inter-species transfer by this process is limited by the rela-
tively narrow host-range of transducing bacteriophage) and transformation 
(limited between species by [a] the requirement for homology of DNA for most 
recombination events. excluding transposition events involving insertion 
elements, [b] the restriction-modification system of a cell when present, and 
[c) the narrow host-range for maintenance of many plasmid elements}. Conjugal 
mating with the subsequent exchange of DNA can occur between virtually all 
Gram-negative bacteria (including both naturally-occuring soil and intestinal 
"bacteria) when mediated by a broad-host range plasmid (for example, the P-group 
plasmids). In the past few years, conjugal mating also has been shown to occur 
between strains of certain Gram-positive Streptococews species (for example. 
Streptococaus faecalis). To date. however, conjugal mating has not been 
demonstrated convincingly between any Gram-negative bacterial species and a 
Gram-pOSitive bacterial species. 

In addition to certain barriers that appear to be present and act under certain 
circumstances to prevent the introduction and establishment of DNA from any 
bacterial species into any other bacterial species, once DNA is established in 
a cell it may not be expressed as a result of specificity requirements for 
tbe initiation and termination of messenger RNA synthesis and the specificity 
requirements of ribosome binding, initiation and termination in the case of 
protein synthesis. Several reports have provided evidence for different 
specificities for the translation of natural messengers by ribosomes from 
different species of bacteria. In one report, ribosomes from Escherichia coli 
and Pseudomonas j1uopescens, two Gram-negative bacteria, translated messenger 
RNA preparations from all bacteria tested (three Gram-negative species and 
six Gram-positive species) 8S well 8S £2 RNA and T4 early messenger RNA. (M. 
Stallcup, W. Sharrock, and J. Rabinowitz. Biochem. Biophys. Res. Comm. 58: 
92, 1974). In the same report, ribosomes from Clostridiun pasteUl"ianum, 
streptocoacus faecaZis and BaciZlus subtilis, three Gram-positive organisms, 
did not translate messenger RNA preparations derived fram any of the Gram-
negative organisms, the f2 RNA or the T4 early messenger RNA. but did translate 
Messenger preparations from all six Gram-positive bacterial species tested. 
The ability of ribosomes from E. coli to translate messenger RNA preparations 



from Gram-positive spec.if',s of bacteria is eons16t.~rtt \ltth the report of Chang 
and Cohen (Proe. Nat. Acari .• Sci. USA 71:1030,19//.·1110 demonstrated the 
expression in E. aoli of genetic information carr H:,j 1»)1 DN~ of StaphyZococcus 
auzoeus. In this report. genes carried by fragment,,::,r Staphyl-ococcU8 crureus 
DNA~ generated by EcoRI digestion, were covalently i" ':.ned to plasmid pSCIOl 
and the resulting plasmJd hybrids were established in E. coli by transformation. 
The hybrid plasmid sped fied ,30 resistance to penici 11 in that was genetically 

.determined by the S. aureuH plasmid DNA. It should be noted that in this same 
experiment these investigators were unable to isolatfc penicillin-resistant 
transformants of E. coli when the intact Staphyl(':OL~':'1.S plasmid DNA was used 
to carry out the transformation. 

Ezpression of the Bacillus suhtiZis genes, thynrldylate synthe.tase, (5. Ehrlich, 
H. Bursztyn-Pettegrew, 1. Stroynowski and J. Lederberg. Proc. Nat. Acad. Sci. 
USA 73:4145, 1976; C. Duncan, G. Wilson~ and F. Young. Gene, in press) and 
the leucine operon gene isopropy1tualate synthetase (K. Sa.kaguchi, personal 
communication) in E. coli when cloned on E. coli pla!nnids ·a1so has been demon-
strated. In the case of thymidy1ate synthetase. this B. subtiZis gene was 
cloned on plasmide pSCIOl and pMB9. The B. subtiii<~ thymidylate synthetase 
gene cloned in E. (!oZi retained its ability to transform thymine-requiring B. 
subtil.is strains. The transformations of thymine-reqlllring B. subtilis were 
carried out with the E. aoU hybrid plasmids carrying the B. subtilis thYUli-
dylate synthetase gene. The successful transformants 'lpon analysis appeared 
to be free of E. coli plasmid DNA (Ehr1ich.et al.) In one of these reports 
(Duncan et al.), it was estimated that the Bacillus subtiZis thymidylate . 
synthetase gene was expressed in the E. coli cell at the same level as that 
found for the B. aubtilis cell. Sfmilarly~ the isopr.opylmalate synthetase 
gene of Bacillus subtiliB cloned on the E. coli plasllI:id RSF2124 in E. coli 
was found to be expressed in E. (!oZi (K. Sakaguchi. pez·30nal communication). 

In what must be considered 8S an imporcant new development. recent work 
involving the transformation of BaaiZZus subtiZis with antibiotic resistance 
plaamids purified from the distally related StaphyZoaoccus aureus has indicated 
the maintenance of certain of the S. auretW plasmids :In B. stibtilis (S. Ehrlich. 
personal communication). It should also be noted that a recent report (1. 
Domaradskii, T. Levadnaia, B. Sitnikov and A. RassadJn, Doklady Akadem.ii 226: 
1443, 1976) describes the successful transformation c·!: thl~ Gram-positive 
Bacillus subtiZia with purified R plasmid DNA frotn E' .. -:.~li (F~ Young~ personal 
cOIIIIlUIlication) • It is clear that; given the importan(:.e. of this observation 
with respect to contaimnent levels for experiments .i.nvGlving recombinant DNA. 
formation between Gram-positive and Gram-negative bact:eria that more extensive 
work should be carried out to critically evaluate the ability of certain 
plasmid elements to be mdntained in both Gram-positive and Gram-negative 
bacteria. Until this is done the issue of plasmid-mediAted exchange of genes 
between Gram-pOSitive and Gram-negative bacteria will 1"lema.in an open question. 
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